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The isotope ratio, R, is 13 C/ 12 C in the case of carbon (δ 13 C) and 18 (Vienna Pee Dee Belemnite) and V-SMOW (Vienna Standard Mean Ocean Water) respectively.
25
Since stable isotope variations in nature are small, these δ values are expressed in per mill (‰).
26
Precise measurements of CO mole fraction and isotopic composition are useful in constraining Originally, CO isotope analysis was carried out with offline extraction systems, which require large 11 amounts of air (Brenninkmeijer, 1993 CO 2 has the advantage as high precision mass spectrometry is often based on CO 2 , which allows the 20 possibility of using standardized techniques and isotope calibration scales (Brenninkmeijer et al., 21 1999). CO is converted to CO 2 using an oxidizing agent, and if the isotopic composition of this 22 oxidizing agent is constant, its effect on the isotopic composition of the CO 2 product can be taken 23 into account. The need to correct for the additional O atom is the weakness of this method.
24
In the direct method, CO + ion currents at masses 28, 29 and 30 are monitored simultaneously
25
(Tsunogai et al., 2002). Since CO is not converted to CO 2 , there is no introduction of an additional 26 oxygen atom that needs to be calibrated.
27
Current continuous flow-isotope ratio mass spectrometry (CF-IRMS) techniques move towards 28 faster methods, smaller sample sizes and most importantly more precise and reproducible results.
29
Rapid methods allow multiple measurements that can be combined to improve the error of the mean 
Method and Instrumentation

18
A diagram of the analytical system is shown in Fig. 1 number: 6UWM) from where the gas can be either injected to the extraction system (position "1") or by LabView software, which specifically controls V 1 , V 2 , the flow rate of the mass flow controller,
11
the sample injection time, the sample flush time and the number of times each sample is measured.
12
The Sample is injected into the system at a flow rate of 20mL/min for 5 minutes. A higher flow rate 
17
When starting an automated measurement sequence, first the 8 samples are connected to V 1 and V 2
18
is set in the direction of the samples. Then V 3 is set to "evacuation" position and the membrane 19 pump valve is opened, allowing the air from the point of the sample connection to V 3 to be 20 evacuated. Following this procedure each sample position of V 1 is evacuated and tested for leaks.
21
After this leak test the sample bottle/can/cylinder valves are opened. From this point onwards the 22 method is fully automated. The final pressure in the sample admission part of the system prior to the 23 introduction of the sample is ~1 mbar.
24
To avoid contamination with remaining air when switching between samples via the multi-sample 25 inlet system, V 1 is first set to a "close" position between two sample ports and the system is 26 evacuated for 60 sec. Afterwards the multi-sample inlet system is flushed with the new sample air
27
for 55 seconds at a flow rate of 20 mL/min before it is injected via V 3 .
28
The minimum pressure required in a 1L glass flask, to perform a single run with a stable flow rate of 29 20 mL/min, is 1550 mbar abs. 
12
The sample is separated from other residual components, on a Poraplot-Q (25 m x 0.25 mm) gas 
18
In routine operation, the entire system is flushed for 425 seconds between runs, the Schütze regent is 19 introduced into the main gas stream 425 seconds before injection of sample air, the sample 20 processing takes 300 seconds, followed by another 300 seconds of flushing before the sample is 
Data Processing and Calibration
26
In order to monitor the performance of the CO isotope system, a reference air sample converted to CO 2 using Schütze reagent (Brenninkmeijer, 1993) . Therefore the quantity (in moles) 4 of CO is equal to the quantity of CO 2 derived from the CO in the air sample.
5
Carbon monoxide mole fractions are calculated using a one-point calibration, according to,
where is the mole fraction of the sample, is the area of the sample peak,  value of the sample is converted to the international reference scales via
is the  value of the reference air cylinder versus the international standard, V-PDB or V-20 SMOW.
21
In δ 18 O data evaluation, is the δ value of the sample versus the international standard, V-
22
SMOW for CO 2 . CO 2 is generated when the CO from the sample is oxidized by the Schütze reagent.
Therefore a correction has to be made to get the, for CO (Brenninkmeijer, 1993 14 When a blank run is done excluding the Schütze reagent trap, the peak has an area of ~0.019 Vs. The 15 blank including the background CO 2 released from the Schütze reagent is used as the system blank.
16
When the system was first built, the system blank was 10 % of the sample peak. was added to a 2.5 L steel can and was filled with reference gas, which already contained 
Linearity
26
Ideally, the  value of a sample measured on an isotope instrument versus a certain reference should 27 be independent of the amount of sample that was injected into the instrument. In reality, isotope 
Sample Linearity
18
The amount of sample was varied by changing the mole fraction of a sample with initial high mole 
25
The CO 2 blank that originates from the Schütze reagent is minimized by continuously flushing the 26 reagent with helium. The peak area of the system blank is ~4 nmol mol -1 , which is 2.2% of the peak Figure 1 : A diagram of the continuous flow-isotope ratio mass spectrometry system for measuring time is relatively small. Note that the scatter in the isotopic composition measurements is so large 5 because of the very small peak areas of these blank experiments. 
